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© Method of making an iron/polymer powder composition. 



© A powder composition of iron-based powder particles to which is bonded a polymeric material is 
prepared by making a dry admixture of the iron-based particles and particles of the polymer, wetting the 

admbcturer^ith^^olvenWor— the^olymeric-^ate 

powder composition. The powder compositions can be compression moulded, generally at a tempera- 
. ture above the glass transition temperature of the polymer, to form magnetic core components. 
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FIELD OF THE INVENTION 



This invention relates to a method of making a powder composition comprising iron-based powder particles 
to wNch iTb nSed po ymeric materia.. generally in particulate form. More specif ically, the .method, of tN. £ 
v Jtion is dieted to the use of a solvent for the polymeric material to effect bonding of the polymer to the ; 
Ton parses ^ner the iron and polymer are first admixed in dry form. The powder compositions so made are 
particularly useful to make magnetic core components. 

BACKGROUND OF THE INVENTION 

Iron based particles have long been used as a base material in the manufacture of structural components 
by methods The iron-based particles are f irst molded in a die under high pressures , n 

orderCoduce the desired shape. After the molding step, the structural component usually undergoes a .n. 

iron-base^ I particles used in these methods are generally coated with a circumferential layer of insulating ma- 

teri3 Two important characteristics of an iron core component are its magnetic permeability and core loss char- 
Two im P° rta "™ Derme ability of a material is an indication of its ability to become magnetized, or its 
actensbce. T %™^^*™**™^ mte defined as , he ratio of the induced magnetic flux to the mag- 
ISno SSSSfc material is exposed to a rapidly varying field, the total energy 
Z E redded by the^ccurrence of hysteresis losses and/or eddy current losses. The hysteresis loss 
° ? h? a Lut^v the LcTssSy expenditure of energy to overcome the retained magnetic forces wrthm the 
. ^r™r^^r3.oss is brought about by the production of electric currents in the ,on 

««- ***** als ° 108565 - - 

■SSI'S nssKSESss^^?*^ - 01 

more expensive fluidked bed processes. ; \ 

SUMMARY OF THE INVENTION 

Thepresentinventionp^ 
iron-based powder particles and a polymer* '^^J^^^S^ ' * ™ d ■ General,y ' the 
- th ; method, a dry ^^^^ weights of the iron-based par- 

polymeric material will constitute about 0 .001 g » polymeric material. Preferably, the 

tides and polyme. The dry 

SSSfe^ of the iron-based parti.es towhich is bonded the polymenc 
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material. 

The method is applicable to forming a powder composition from any iron-based particles and polymeric 
material. By "iron-based" is meant any of the iron-containing particles generally used in powder metallurgical 
methods including, but not limited to, particles of substantially pure iron, and particles of iron that has been 
5 pre-alloyed with, for example, transition metals and/or other fortifying elements. Although the method is ap- 
plicable to use of any polymeric material, it has its most significant utility with respect to the use of thermoplastic, 
materials that are good insulators for magnetic core components. Preferred thermoplastic materials are biphe- 
nylene ethers and polyether imides, and the preferred solvent for use with these polymers is methylene chlor- 
ide. 

10 

DETAILED DESCRIPTION OF THE INVENTION / 

According to the present invention, it has been found that polymeric insulating materials can be glued or 
bonded to iron-based powders to provide a composition that has substantial homogeneity and that will provid , 
15 upon compaction, magnetic core components having excellent magnetic properties. According to the present 
invention, the iron-based particles and particles of the polymer materia! are first admixed, generally in a dry 
state, to form a substantially homogeneous admixture of the two. The dry admixture is then contacted by a 
relatively small amount of a solvent for the polymer in a manner, as more fully described below, that ensures 
substantial wetting of the entire admixture. Thereafter, the solvent is removed, providing a dry, f lowable powd r 
: -20 composition of iron-based particles to which is bonded the polymeric material. Magnetic core component can 
then be produced by the powder compositions by known methods. 

The iron-based particles that are useful in the invention are any of the pure iron or iron-containing (includ- 
, ing steel or ferromagnetic) particles generally used in powder metallurgical methods. Examples are particles 
of substantially pure iron and particles of iron pre-alloyed with other elements (for example, steel-producing 
25 elements) that enhance the strength, hardenabiNty, electromagnetic properties, or other desirable properties 
of the final product. The particles of iron-based material useful in this invention can have a weight average 
particle size as small as one micron or below, or up to about 850-1,000 microns, but generally the particles 
will have a weight average particle size in the range of about 1 0-500 microns. Preferred are particle compo- 
sitions having a maximum average particles size of about 350 microns, and more preferred are particle cbm- 
30 positions having a maximum average particle size of about 250 microns. 

The preferred iron- based particles for use in the invention are highly compressible powders of substantially 
pure iron; that is, iron containing not more than about 1 .0% by weight, preferably no more than about 0.5% by 
weight, of normal impurities. Examples of such metallurgical grade pure iron powders are the ANCORSTEEL 
1000 series of iron powders available from Hoeganaes Corporation, Riverton, New Jersey. A particularly pr - 
...35. ferred such powder Is ANCORSTEEL 1000C iron powder, which has a typical screen profile of about 13% by 
weight of the particles below a No. 325 sieve and about 17% by weight of the particles larger than a No. 100 
sieve with the remainder between these two sizes (trace amounts larger than No. 60 sieve). The ANCOR- 
STEEL 1000C powder has an apparent density of from about 2.8 to about 3.0 g/cm 2 . 

Other iron-based powders that are useful in the practice of the invention are ferromagnetic or steel pow- 
40 ders containing effective amounts of alloying elements pre-alloyed with the iron. Examples of good ferromag- 

: — — rt e tic materials-are p ar t i cl es of i r c^r^e^ltoyed-witft-sm 

materials are blends of ferrophosphorus powders, such as iron-phosphorus alloys or iron phosphide com- 
pounds in powdered form, admixed with particles of substantially pure iron. Such powder mixtures are dis- 
closed in U.S. Patent 3,836,355 issued September 1 974 to Tengzelius et al. and U.S. Patent 4,093,449 issued 
45 June 1978 to Svensson et al. Examples of steel powders are particles of iron pre-alloyed with one or more 
transition elements or other fortifying elements, such as molybdenum, nickel, manganese, copper, and chro- 
mium. Various pre-alloyed steel powders that can be used in the practice of this invention are available from 
Hoeganaes Corp. as part of its ANCORSTEEL line of steel powders. 

The iron-based particles can first be coated with an insulative irtorganic material to provide an inner coating 
so that underlies the bonded polymeric material. This inner coating is preferably no greater than about 0.2% by 
total weight of the coated particle. Such inner coatings include iron phosphate, such as disclosed in U.S. Patent 
No. 5,063,011 issued November 1 991 to Rutzet al, and alkaline metal silicates, such as disclosed in U.S. Patent 
No. 4,601,765 issued July 1986 to Soileau et al. The disclosures of these, patents are hereby incorporated by 
reference. . . 

55 Any polymeric material that can be sufficiently softened and/or dissolved by a solvent so as to be able to 

. adhere or bond to the surfaces of the iron-based particles can be used in this invention. Preferred polymeric 
materials are thermoplastic materials, particularly those that have a w ight average molecular weight in the 
range of about 10,000 to 50,000. More preferred are thermoplastic polymers of such a molecular weight range 
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that have a glass transition temperature in the range of about 175-450°F (about 80-230'C). Examples of the 
thermoplastic material are polyetherimides, polyph nylene ethers, polyeth rsulfones, polycarbonates, poly- 
ethylene glycol, polyvinyl acetate, and polyvinyl alcohol. 

Suitable polycarbonates that can be utilized as a thermoplastic in the present invention are bisphenol-A- 
polycarbonates, also known as poly(bisphenol-A-carbonate). These polycarbonates have a specific gravity 
range of about 1.2 to 1.6. A specific example is polyCoxycarbonyloxy-IAphenylene-tl-methylethlideneJ-IA 
phenylene) having an empirical formula of (C 16 H 14 0 3 ) n where n is an integer of about 30-60. Commercially avail- 
able polycarbonates are the LEXAN resins from General Electric Company. The most preferred LEXAN resins 
are the LEXAN 121 and 141 grades. 

Asuitable polyphenylehe ether thermoplastic is poly(2,6-dimethyl-1 ,4^phenylene oxide) which has an em-. 
pineal formula of (C 8 H B 0) n where n is an integer of about 30-100. The polypheriylene ether homopolymer can 
be admixed with an alloying/blending resin such as a high impact polystyrene, such as poly(butadiene-styrene); 
and a polyamide, such as Nylon 66 either as polycaprolactam or pbly(hexamethylenediamine-adipate). These 
thermoplastic materials have a specific gravity in the range of about 1 .0 to 1 .4. Acommercially available poly- 
phenylene is sold as NORYL resin by the General Electric Company. The most preferred NORYL resins are 
the NORYL 844, 888, and 1222 grades. 

Asuitable polyetherimide thermoplastic is polyg^'-bisp^-dicarboxyphenoxy) phenylpropane)-2-phenyl- 
ene bismide] which has an empirical formula of (C AOW,, where n is an integer of about 15-27. The poly- 
etherimide thermoplastics have a specific gravity in the range of about 1.2 to 1.6. A commercially available 
polyetherimide is sold as ULTEM resin by the General Electric Company. The most preferred ULTEM resin is 
the ULTEM 1000 grade. ' ' 

A suitable polyethersulfone thermoplastic has the general empirical formula of (C 12 H 16 S0 3 ) n where n is 
an integer of about 50-200. An example of a suitable polyethersulfone which is commercially available is sold 
as VICTREX PES by id", Inc. The most preferred of these resins is the VICTREX PES 5200 grade. 

For use in the invention, the polymeric material is generally provided in the form of particles, which will 
preferably be spherical but can be, for example, lenticular or flake-shaped. The particles are preferably fine 
enough to pass through a No. 60 sieve. U.S. Series (about 250 microns or less), more preferably through a 
No 1 00 sieve (about 150 microns or less) and most preferably through a No. 140 sieve (about 105 microns or 
less) The absolute size of the polymer particles is less important, however, than their size in relabon to the 
size of the iron-based particles; it is preferred that the polymer particles generally be finer than the iron-based 
particles The amount of polymer is generally about 0.001-15% by weight of the total weight of the iron-based 
particles and polymeric particles. Preferably the polymer is at least about 0.2% by weight, up to about 5% by 
weight, of this combination. More preferably the polymer is about 0.4-2% by weight, and most preferably about 
0 6-1 0% by weight, of the combined weight of the iron-based particles and polymer material. 

' • The iron-based particles and polymeric particles are admixed together, preferably in dry form, by conven- 
tional mixing techniques to form a substantially homogeneous particle blend. The dry admixture is then con- 
tacted with sufficient solvent to wet the particles, and more particularly to soften and/or partially dissolve the 
surfaces of the polymeric particles, causing those particles to become tacky and to adhere or bond to the sur- 
faces of the iron-based particles. Preferably the solvent is applied to the dry admixture by spraymg fine droplets 
of the solvent during mixing of the dry blend. Most preferably mixing is continued throughout the solvent ap- 
D ll catlon lu ensu i e welli n g of the po l ymer materials a nd homogeneity of thp f inal mixture . The solvent is there- 
after removed by evaporation, optionally with the aid of heating, forced ventilation or vacuum. Mixing can be 
continued during the solvent removal step, which will itself aid evaporation of the solvent. The initial dry blend- 
ing of the particles as well as the application and removal of the solvent can be effected in conventional rnjxing 
equipment outfitted with suitable solvent application and recovery means. The conical screw mixers available 
from the Nauta Company can be used for this purpose. 

Any organic solvent for the polymeric material can be used. Preferred are methylene chl onde, 1 LI ,2-ti> 
chloroethane, and acetone. Blends.of these solvents can also be used. A preferred combination for use m this 
invention uses a polyetherimide thermoplastic as the polymeric material and methylene chlonde ^ the sol- 
vent The amount of solvent applied to the dry admixture will be about 1-25 weight parts solvent per 100 weight 
pa?te of Ln base d 0 powder. Generally, however, it is more convenient to calculate the amount of ^ent based 
on th famTnUf polymeric material present. In these terms, about 1.5-50 weight parte j pre -ably about 3- 
20 wdghTparts. more^referably about 5-10 weight parts of solvent per unit weight part of polymer, wfll suff ► 

Cie tLTrontC^wder compositions made by the method of this Invention can be formed into magnetic 
cores by an appropriate molding technique. In preferred embodiments, a compression mold.ng techmque in 
which S powder composition is charged into a die and heat d to a temperature above he g ass ; trans.bon 
Temperatura of the thermoplastic material, is used to form the magnetic components. Preferably, the die and 
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composition are heated to a temperature that is about 25-85 Centigrade degrees above the glass transition 
temperature. Norma! powder metallurgy pressures are applied at the indicated temperatures to press out the 
desired component. Typical compression molding techniques employ compaction pressures of about 5-100 
tons per square inch (69-1379 MPa), preferably in the range of about 30-60 tsi (414-828 MPa). A lubricant, 

5 usually in an amount up to about 1% by weight, can be mixed Into the iron/polymer powder composition, al- 
though the lubricant can be applied directly on the die wall. Use of the lubricant reduces stripping and sliding 
pressures. Examples of suitable lubricants are zinc stearate or one of the synthetic waxes available from Glycol 
Chemical Co. as ACRAWAX synthetic wax. Anotherlubricantthat can be admixed directly with the iron/polymer 
powder composition is particulate boron nitride. 

10 Following the compaction step, the molded component is optionally heat treated. According to this proce- 

dure, the molded component, preferably after removal from the die and after being permitted to cool to a tem- 
perature at least as low as the glass transition temperature of the polymeric material, is separately heated to 
a "process" temperature that is above the glass transition temperature, preferably to a temperature up to about 
.140 Centigrade degrees above the temperature at which the component was compacted. The molded com- 

15 ponent is maintained at the process temperature for a time sufficient for the component to be thoroughly heated 
. and its internal temperature brought substantially to the process temperature. Generally, heating is requir d 
for about 0.5-3 hours, depending on the size and initial temperature of the pressed part The heat treatment 
can be conducted in air or in an inert atmosphere such as nitrogen. 

20 Example 1 

An iron/thermoplastic powder composition was prepared using particulate ULTEM 1000 polyetherimide 
(screened to exclude particles larger than 150 microns) and particles of substantially pure iron that had been 
annealed in dissociated ammonia and screened to.exclude particles smaller than 1 50 microns and larger than 

25 about 375 microns. The iron particles and thermoplastic particles were hand mixed in a dry state in amounts 
providing an iron/thermoplastic composition that was 0.6% by total weight of the thermoplastic material. Test 
compositions were prepared by spraying methylene chloride onto the dry admixture, in the amounts specif j d 
below, while mixing was continued. Mixing of the wetted admixture was continued for an additional 2-3 minutes 
after the solvent addition was completed to aid in attaining a homogeneous mixture and to aid in the removal 

30 of the solvent by evaporation. At the end of this period, the admixture was spread out on a tray and allowed 
to dry in air. 

Three different test compositions were prepared by the above method, using varying amounts of methy- 
lene chloride, as follows: Composition A was made using 1.7 weight parts of solvent per 100 weight parts of 
iron powder; Composition B was made using 3.3 weight parts solvent per 1 00 weight parts iron powder; and 
35 Composition C made using 8.3 weight parts solvent per 100 weight parts of iron powder. A dry admixture, which 
had not been treated with the solvent bonding technique according to the present invention, was also retained 
as a control composition. 

Toroids and strength-test bars were prepared from the powder compositions in order to determine mag- 
netic properties and transverse rupture strength. The material was uniformly molded in a die at a temperature 
40 . of 525°F (about 274°C) under a pressure of 40 tsi (about 552 MPa). Following compaction, the pressed pieces 

: — were-keat-freate d at a-tempera tu re of 600°F ( a bout 316°C) for one hour i n a i r . Transve r s e ru pt ure st rength 

was determined for the heat-treated test bars according to ASTM B528-76. Results are tabulated in Table 1A. 
As can be seen, the strength of the parts increased at the higher solvent levels. 



TABLE 1 A 



Transverse Rupture Strength (psi) 




Control 


A 




C 


Heat- Treated 


26,700 


21,900 


28,800 


34,300 



AC core loss (watts/pound; measured at 500 Hz, 1 Tesla), was determined for the heat-treated toroids. 
Results are shown in Table 1B below. The toroid made from the control (no solvent bonding) composition ex- 
hibited the highest core loss, indicating that use of the solvent provided improvement over the simple admix- 



5 



EP 0 554 009 A1 



■ / 



TABLE 1B 





Control 


A 


B 


C 


AC Core Loss 


439 


82 


56 


55 
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Example 2 

An iron/thermoplastic powder composition was prepared using particulate ULTEM 1000 polyetherimide 
(screened to exclude particles larger than 1 04 microns) and ANCORSTEEL 1 00OC iron powder. The iron par- 
ticles (297.75 pounds) and thermoplastic particles (2.25 pounds) were mixed in a Nauta conical screw mixer 
for 15 minutes. Methylene chloride (15 pounds) was then added to the mixture over a period of 15 minutes 
while the mixing continued. Mixing of the wetted admixture continued for an additional 10 minutes. The solvent 
was thereafter removed by subjecting the mixing vessel to a vacuum while the mixing continued.. The resultant 
dry powder was then discharged from the mixing vessel. 

Strength-test bars and toroids were prepared and tested as described in Example 1 . The results were com- 
pared to the same control sample used in Example 1 . Results are tabulated in Table 2. 

TABLE 2 



AC Core Loss and Transverse Rupture Strength 


■ • ■ » • ' ' '• - 


Control 


Test Sample 


Core Loss 500 Hz, 1 Testa (Watts/pound) 
Transverse Rupture Strength (psi) 


439 
26,700 


45 
38,320 
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Claims 



40 



A method of making an iron/polymer powder composition of iron-based powder particles to which is bond- 
ed a polymeric material, the method being characterised by: 

(a) forming a dry admixture of iron-based powder particles and particles of a polymenc matenal, the 
polymer constituting about 0.001 to about 15.0% by weight of the- admixture; , 

(b) wetting the dry admixture with a solvent for the polymeric material; and 

(c) removing the solvent. 

The method of claim 1, characterised In that the polymeric material is a thermoplastic polymer and the 
r pai licles a re substantially pure iron. : — ■ ^— — . . — - 



45 



so 



55 



iron- based powdei | 

The method of claim 1 or 2, characterised in that the polymeric material is a thermoplastic material having 
a weight average molecular weight of about 10,000 to about 50,000. 

The method of claim 2, characterised in that the t hermoplastic material has a glass transiti 

in the range of about 80 to about230°C and constitutes about 0.2 to about 5.0% by we>ghtof the admixture. 

The method of any preceding claim, characterised in that the thermoplastic material is a polyetherimide, 
a polyphenylene ether, a polyethersulfone, or a polycarbonate. 

The method of any preceding claim, characterised in that said wetting step comprises spraying the sdvent 
o^toThe admixture while further-mixing the admixture, the iron-based partides have a weight average 
particle size up to about 500 microns and the particles of polymeric matenal are finer than about 250 mi- 
crons. 

The methodof any of claims 1 to 5. characterised in that said wetting step comprises spraying the solvent 
ntoThe admixture while further mixing the admixture, and wherein the solvent ,s methylene chloride. 
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8. The method of claim 5, charact rised in that th iron-based particles have a weight average particle siz 
up to about 500 microns and the particles of polymeric material are finer than about 250 microns. 

9. The method of claim 5 when dependent on claim 1, 2 or 3, characterised in that the polymer constitutes 
about 0.2 to about 5% by weight of said dry admixture. 

10. The method of claim 8 when dependent on claim 1, 2 or 3, characterised in that the polymer constitutes 
about 0.2 to about 5% by weight of said dry admixture. 

11. An iron/polymer powder composition when formed by a method as claimed in any of claims 1 to 10. 
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